Abstract: Taking "stone house" the typical traditional dwellings in Central Guizhou as the research object, through measuring and analysising the indoor thermal environment of typical days in winter and summer, the fitting curves and linear equations of PMV and operating temperature in traditional dwellings in Central Guizhou are obtained. On this basis, this paper puts forward the passive energy saving renovation strategy from the aspects of building optimization, improving the insulation performance of building envelope and strengthening natural ventilation and puts forward some pertinent suggestions on energy saving reform of traditional dwellings in Central Guizhou.
the research object, a traditional "stone house", bearing weight by wooden structure, surrounded by stone, built in the Ming Dynasty, has a history of 600 years. The main building facing the south, the door toward the south west of 30 °, to the central room as the center, the living room, bedroom, storage room and other spaces around the central room (see Figure 1 ).
Test Plan
The winter test ran from December 21 to December 22 in 2016，most of the time was cloudy and occasionally light rain. The summer test ran from July 10 to July 11 in 2017, there was light rain in July 11 afternoon. The main test spaces were outdoor, central room Fiture1. The dwellings floor plan and bedroom (see Figure 1 ). Using the black ball thermometer and anemometer recorded once a hour, the wind speed selected the average value of indoor wind speed under the natural ventilation.
TEST RESULTS AND THERMAL ENVIRONMENT ASSESSMENT Test Results
Tests have found that the outdoor temperature fluctuated most. Based on the measured results (see , in winter, the average outdoor temperature from Dec 21 to Dec 22 was 10.8 ℃, and the fluctuation range was 8.5 ~ 15.4 ℃.The average humidity was 72.3%, and the fluctuation range was 37% ~ 90.5%. In summer, the average temperature in July 10-11 was 24.1℃, and the fluctuation range was 21.9~31℃. The average humidity was 74%, and the fluctuation range was 35%~83.4%。
Comparatively speaking, the fluctuation range of central room and bedroom was relatively small. In winter, the average temperature of central room was 10.9 ℃, and the fluctuation range was 9.2 ~14.9℃.The average temperature of bedroom was 11.1 ℃, and the fluctuation range was 9.5 ~13.3℃. The average indoor temperature was only 0.1~0.3 ℃ higher than the outdoor average temperature. Winter minimum temperature rose from the outside (8.5℃) to the central room (9.2℃) to the bedroom (9.5℃). Through the analysis of relative humidity, it could be seen that the average relative humidity in winter rose from outdoor (72.5%) to the central room (76%) to the bedroom (78%). Due to the dwellings was unilateral ventilation, the indoor wet air was difficult to discharge, resulting in large indoor humidity. The central room maintained open during the day, and keeps in touch with the outside, but the bedroom was relatively closed, poor ventilation, allowing moist air to precipitate in the bedroom. So the relative humidity of the bedroom is higher than the central room.
In summer, the average temperature of central room was 23.7 ℃, and the maximum temperature was 29.8 ℃. The average temperature of bedroom was 23.9 ℃, and the maximum temperature was 28.8 ℃.The average indoor temperature was 0.24 ~ 0.44 ℃ lower than the average outdoor temperature. The average relative humidity in summer rose from the bedroom( 72.4% ) to the central room (72.9%) to the outside(74%). There was light rain in the afternoon of the test day, So the outdoor relative humidity was higher than the indoor, and the central room was connected with the outside, so the relative humidity of the central room was higher than that of the bedroom. For the dwellings in karst area in Central Guizhou, the indoor relative humidity is at a high level, so how to reduce the relative humidity through the moisture-proof technology and strengthen the natural ventilation are Worthy of further study in the future.
Thermal Environment PMV-PPD Evaluation
Fanger, a Danish professor, have used the heat balance equation to predict the degree of thermal sensation.The thermal sensation indicator used by Fanger is based on seven psychological physiological scales:
Cold -cool -slightly cool -neutral -slightly warm -warm -hot -3 -2 -1 0 1 2 3 This indicator is called the forecasted average vote. PMV contains activity, clothing and four environmental parameters. Formula is as follows:
The winter PMV fitting curve (see Fig. 6 ) and the winter PMV linear regression equation [4] [5] can be obtained by linear fitting of the indoor PMV value and the operating temperature on December 21 to 22 in 2016:PMV = 0.409t op -6.727.
ISO7730 provides PMV in the [-0.5, +0.5] range for air conditioning construction [6] .For our country, experts and scholars suggested that the PMV range in the [-1, +1] interval was more appropriate [7] . On the test day, with -1≤PMV≤ + 1 for the thermal comfort range, according to the PMV linear regression equation, the acceptable temperature of the lower limit of winter was 14 ℃. On the test day, the central room's temperature was 14.9 ℃ at 10 am, and the PMV was -0.55, which could meet the thermal comfort requirements, but the rest of the time were not in the thermal comfort range. On the night of the test, bedroom 's temperature was lower than the acceptable minimum temperature of 3.6~4.5 ℃, and the PPD changed in the range of 59.6% to 74.3%.
The summer PMV fitting curve and the summer PMV linear regression equation were obtained by the linear fitting of PMV value and operating temperature on the typical test day of July 10-11 in 2017 (see figure 7) :PMV = 0.651 t op -17.72.
On the test day, with -1 ≤PMV ≤1 for thermal comfort range, according to the linear regression equation, getting the acceptable maximum temperature of summer was 28 ℃, and the central room's temperature was higher than the acceptable maximum temperature of 1.8 ℃ at four o 'clock in the afternoon, but the rest of the time was in the upper temperature range. The minimum value of PMV was -2.219, residents wearing short sleeves felt slightly cool in the morning and evening. A third of the test time was in the range of the thermal comfort. The PPD changed in the range of 8.6% to 87.8%, and PPD is the lowest when the indoor temperature is 26.6 ℃.
Through the analysis we can see that the heat comfort of traditional dwellings in Central Guizhou was poor in the winter. During the winter solstice, most of the time was not within the range of thermal comfort, and the bedroom at night was lower than the acceptable lower temperature of 3.6 ~ 4.5 ℃, and the humidity was large.
The average of PPD was 70.24%, most residents felt wet and cold. During the summer, 1/3 of the test time was within the thermal comfort zone, and only at 4 pm, the indoor temperature was higher than acceptable upper limit temperature . The average relative humidity was 74 %, which could be improved by strengthening the natural ventilation, and the average PPD was 31.69%, so most people felt more comfortable. Therefore, it is the key factor of energy saving in Karst area of Central Guizhou to strengthen the natural ventilation in summer , and to strengthen the Figure 6 . PMV fitting curve in winter. Figure 7 . PMV fitting curve in summer.
insulation performance of the retaining structure in winter.
PASSIVE ENERGY CONSERVATION STRATEGU
Building Orientation Optimization Solar radiation is an important factor affecting the temperature of the room. It is necessary to consider both releasing heat in summer and gainning heat in winter. Therefore, when choosing a passive energy-saving design in this area, it is critical to choose the best building orientation. By using the Weather Tool (see Figure 8) ,we can find that selecting the south west 37.5 °, namely 217.5 ° as the best orientation to construct house can make the dwellings in Central Guizhou get more solar radiation, improve the indoor temperature, and improve the indoor thermal environment in the winter.
Natural Ventilation
The flow of air increases the evaporation of sweat from the body and the convection heat exchange between the body and the surrounding air, thereby allowing the body to feel comfortable in the thermal environment. The area surrounded by the red line and yellow line is the use effect of natural ventilation strategies to improve comfort (See figure 9), which can make the dwellings in Central Guizhou meet the thermal comfort requirements of the whole body in June, July and August.
Thermal Mass Effect and Night Ventilation
From the test results, it can be seen that the passive scheme of thermal Mass Effect and Night Ventilation has the effect of improving indoor thermal comfort (see Fig. 10 ). In the figure, between the red dotted line and the yellow solid line are simply using the thermal Mass Effect to improve the comfort. Between the red dotted line and the red solid line is using thermal Mass Effect and Night Ventilation at the same time to improve indoor comfort, which can be found that indoor comfort.is significantly improved in April, May, June, July, August, September and October.
Indirect evaporation cooling
Indirect evaporation cooling is the method of natural cooling by using solar radiation to evaporate the building surface's water. As is shown in figure 11 , indoor thermal comfort is enhanced by indirect evaporation cooling. The area surrounded by the red line and yellow line is the use effect of indirect evaporative strategies to improve indoor comfort, which can be seen that the indoor comfort is greatly improved in June, July and August.
CONCLUSION
Through the analysis of the thermal environment of traditional dwellings in Central Guizhou , the indoor thermal environment of traditional dwellings in the karst area of Central Guizhou is characterized by: Winter is always been in the wet state, and the average relative humidity of bedroom is above 78%, and the highest humidity reaches more than 90%,and the average PPD value is 70.2%. The average indoor temperature is 4 ℃ lower than the acceptable lower limit temperature. The average relative humidity in summer is 74 %,and the highest humidity is 84.1 %. Therefore, indoor humidity is always too high in karst area of Central Guizhou, and controlling indoor relative humidity is the key factor to improve the comfort of body. In winter, it should pay attention to the insulation properties of surrounding structures and proper ventilation. Besides, it should strengthen natural ventilation in summer.
In this paper, the "stone room" as the typical dwellings in the karst area of Central Guizhou is taken as the research object, and the passive energy saving strategies of the residential thermal environment are carried out from the aspects of building orientation, thermal insulation performance of enclosure structure, indirect evaporation cooling and natural ventilation. On this basis ,combined with the software simulation of the thermal comfort analysis, a series of passive energy-saving measures adapt to this region are summed up.
